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I. INTRODUCTION

In the past several years the US Army Missile Command (MICOM) has been
engaqed in the development of techniques for improving the self-alignment
performance of an inertial measurement unit (IMU) [I to 12]. This report
documents the continued findings of new techniques applicable to IMU self-
alignment.

The precision of and the required time for IMU self-alignment depend
not only on the quality of the IMU hardware but also on the effectiveness
of the attendant software. In fact, an ingeniously developed self-alignment
algorithm enables the compensation of anomalous effects caused by hardware
imperfections. Thus, the stability of the hardware characteristics has
become more important than the exactness of the hardware.

In general, an IMU self-alignment procedure contains on-line determi-
nation of a set of parameters characterizing the state of the IMU. To cope
with the ever existing effect of random noise and disturbances, redundant
measurements and a regression type of data reduction technique are used for
improving parameter determination accuracy. The purpose of this report is
to describe two features of data reduction for the self-alignment of a gim-
baled IMU. The procedure involves an accelerometer based two-position self-
alignment technique which has been reported in detail elsewhere [I, 5, 7].
The two features to be discussed are a continuous-time algorithm and a
"scraping" technique. Since the present concern is the data reduction soft-
ware, only the necessary background will be reviewed.

II. THE ANALYTIC MODEL

The parameters to be determined during IMU self-alignment are contained
in the following two measurement equations,

VN(t) = A1t + A2t2 + pA4t
3  (2)

VE(t) = A 3t + A4t
2 _ uA t3  (2)

where AV, 1=1 to 4, are the parameters,t is the time variable, v is a con-

stant, and Vr,(t) and V(t) are observed north and east velocities. Bv

letting t-kT, the discrete-time counternarts of Eouations (1) an" (2) are

obtained as 2 3V (kT) = Blk + B2k
2 + vB8k (3)

VE(kT) = B 3k + B4k2 -vB2 k3 (4)
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where

B A TB A ABI =A 1T 2 2 '

B3  A3T B4 = A4T
2

v = T.

The discrete-time model, given by Equations (3) and (4), was used by
the present authors in the previous development of a data reduction algo-
rithm.

III. CONTINUOUS-TIME REGRESSION ALGORITHM

The continuous-time regression algorithm differs from the discrete-
time one in that the former uses integrations while the latter uses sum-
mations. It is apparent that the latter is the approximation for the former.
A simple demonstration of this effect is given below.

Example: Consider a polynomial model

V(t) = at + bt2 + ct3. (5)

and the associated integral square error

I fT[V(t) - (at + b t2 + ct3)]2dt. (6)

The discrete-time versions of Equations (5) and (6) are

V(k) = aTk + bT2k2 + cT3k3  (7)

and
N 2

12 = L T[V(k) - (aTk + bk 2 + CT3k3)] 2  (8)
k=1

where N - T/T. Elements of the matrices of the associated normal equations
are

Cm ftmdt m = 2 to 6 (9)
0

for the continuous-time model, and

Cm m+ km m= 2 to 6 (10)
k=l
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for the discrete-time model. Let t=240 and -t=.192, then N-240/.192=1250.
The computed values of Cm and c' are listed in Table I. Percent errors in

Cm caused by use of the discrete-time model are also listed in the table.

Return to the IMU measurement model represented by Equations (1) and
(2). The integral- ,quare error resulting from a continuous-time least-
square regression is given by

I(tk) f O k[VN(t)  (Alt 4 A2 t 2 + A4t
3)]2dt

+Jtk[VE(t) - (A3 t + A4 t 2 
- uA2 t 3 )] 2 dt. (11)

Letting ,T - = 1 = 0

6A I A2 4A3  A 4

yields the following set of normal equations which specify the condition
for I(tk) to he minimum, where all integrations are from t=O to t=tk .

JtVNdt = A1ft
2dt + A2ft3dt + pA4Jt4dt. (12)

f(t2VN -l'tVE)dt = Alft'dt
+A (ftEdt + ft'dt) - A3tdt. (13)

ftVEdt = A3ft
2dt + A4 ft 3dt- ijA2ft 4dt. (14)

f (t2VE lit Vm)dt = A3 t
3dt

+ A4 (~ft 4dt + ;,2ft6 dt) + At 4dt. (15)

Uefi ne

W1 = ftVNdt

W2  (t2VN - tVE)dt

W3 = f tVEdt (16)

W4 =f (t2VE + jt 3VN)dt

After evaluating the right-hand side integrals )f Equations (12), (13), (14),
and (15), this set of equations can be written In the matrix form as

5
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TABLE I. VALUES OF ELEMENTS OF NORMAL EQUATION MATRICES

Continuous - Time Discrete - Time % Error In
Least - Square Least - Square Discrete - Time Case

C2  = 4.608000x10 6  C2  = 4.613271x106  .11

C3  = 8.294400x106  C3  = 8.307429xl08  .16

C4 = 1.592525xi011  C4 = 1.595635xi011  .20

C5 = 3.185050xl013  C5 = 3.192629x1013  .24

C6  = 6.552100xi0 15  C6  = 6.570238x101 5  .28
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!I

3 4 5

d~I tk tk 0 IJtk A1

3 4
45 2 7 t 5

W2  tk tk + tk ltk 0 A2

4 5 7 5

(17)
5 3 4

W3  0Ttk k tk A3

5 3 4

5 4 5 7
w4 itk 0 tk k + 2 tk A4

5 
4 5 7 _

Let the 4x4 matrix in Equation (17) be denoted G and its elements gij" Thus

q11 =  33 k t
3

4
q12 = 921 = g34 =943 tk

5 2 7
q22 = q44  = tk + I2 tk (18)

7

q14 
= g41 = -g23 = -g32 = ljtk

g13 = q24 = q31 = g42 =0

Let

H = G- 1  (19)

and

2 2 (20)A 9 g 22 -12 - 14 (
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Then, the elements of H, denoted h., are given by

h11  h3 =g 2 2  K1

h22  h44  9 11  K 2

g12

h12 = h21  h34 = h43  - _K3 (21)

h14 = h4 1 -h23 = -h3 2 = -q!4 = -K4
A

h13 = h24 = h31 = h42 = 0

where K, i-I to 4, is defined here to simplify the notation. The parame-
ters Ai. !-I to 4, are given by

A1 K 3 0 -K4  W

A2  K3  K2  K4  0 W2

(22)

A3  0 K4  K1  -K3  W3

L- A4 . -K4  0 -K3  K2  W4

To evaluate K,, use Equation (18) in (20) and (21) to give

K 2 400

k

K2  2800

t5kP

8



K3

t4tkP
(23)

K4  - tkP)

where

P 35+ 64 2 t 2

= k

2 2 (24)

The evaluation of intenrals of w1, i - I to 4, as (iven by Equatinn (16)

is more involved. First, let the velocity at any time he modeler' h,/

V(t) = vrti ) + a(t - ti)  (25)

where a is an estimated acceleration given by

V Vf - V.

a (26)
.t tf tI

In Equations (25) and (26), t is the initial time and tf the final time of

a computation interval '.t. Also, V1 
= V(t.) and Vf = V(tf). In the sequel,

the notation ) will be used to indicate that all quantities inside the

parentheses are for the k-th computation interval. Next, consider W of

Equation (16).t dk

(W+ [ .\Vn (t
( W~ k ( W ~ -] + ~ t + ,- i k

t, t

= (W I)k_ - { tf - ti

2 'k

+ VNt_[ V Ni L. I... i_ t I __L...__
tI -

9 / ,', ,. ,



After step; of al braic simplification, one gets

(W1)k Wl)k1 Nf N) (tf2 + tft + t)k

+ Nt - V~i

2 k

Similarly, for W3 of Equation (16),

3)k (W)k- ( - ) f f k
6

+ (vEft - VEi (28)

2 k

Finally, consider W of Equation (16),

(W2)k = (W2)k I

(r[VNI + At (t -ti)]t
2dt

tf -t E (t t.)]t2 dt

+ f PI ~ I Em (t t t 3 d

m m m

t10

(W. + f i



After simplification,

(W 2)k =(W 2)k I +(VNftf3_-_VNIt.I)k -'( ~(~ 4-VE~ti)

3 4 k

3(t + t2 ti+ tf t  ) t3

VVE (t 4 + t3t + t2t2+ tft + (29)+lVEf 20 E tf f f i f k. (9

Similarly for W4 of Equation (16),

(4)k =(W4)k-1 +vft VElt +H Nftf-VN )

3 t k f

12 k

- (~ -VN) (t4 + t~,+ t~tIj + tft, + (30

Equations (27) to (30) are recursive updatinq equations for W, which are

needed in Equation (22) for the recursive determination of A

Equations (22), (21), (24), (27), (28), (29), and (30) constitute the

set of continuous-time regression algorithms.

* 11



IV. THE SCRAPING FEATURE

Consider a regression model

V = Ak + Bk2, k = 0, 1, 2, ... (31)

where V is measured while A and B are parameters to be determined. Assume
that B is much smaller than A. Under this condition the determination of
B will be less accurate than that of A because of computation round-off er-
rors. One way to get around this difficulty is to subtract from V the a-
mount k where A is the a priori value of A. A is related to A by

A = + AA (32)

where AA is the error in A. Thus, a new regression model is given by

V' = V - Ak = AAk + Bk2 . (33)

Usually AA is small enough not to exert a dominating effect on B. For a
recursive regression algorithm, the part of Ak known a priori can "scraped"
off from V recursively. Therefore, this feature will be called the
"scraping feature". A demonstration of the effectiveness of this feature
is given below.

Example: Consider measurements generated by the model

Vk = Ak + Bk2 + nk, k = I to 100

where A = 1.111111 and B = .000001. Measurement noise nk has a normal dis-

tribution of mean zero and variance one. Least square regression with and

without the scraping feature are used to estimate A and B. Results are

shown in Table II. Improved results due to the scraping feature are evident.

Return to the IMU measurement model of Equations (1) and (2). Here,

accurate determination of parameters A2 and A4 is more important than that

of A1 and A3. The scraping feature will be incorporated into the regression

algorithm to enhance the accuracy of the estimated A2 and A4. Define

V I N 1 it = AA t + A2 t
2 +i iA4t3

VE = VE - A3t = AA3t + A t
2 

- A2t
3  (34)

12



TABLE II. I-EAST - SQUARE REGRESSIONS WITH and WITHOUT SCRAPING FEATURE

A 1.11111

B = .000001

Least - square regression with scraDinq feature

K ESTIMATES

A ° Error 2 Error

10 1.1111 0.0000 7. 9× -7  -5.4

50 i.111I1 0.0000 1.00060xlO -6  0.06

100 1.11111 0.0000 9.99795xlO - 7  0.02

Least - square reqression without scrapinq feature

K ESTIMATES

Error "'ErrorA B

10 1.11111 0.0000 9.53674xi0 -7  -4.6

50 1.11112 0.0007 8.34465x10-7  -16.6

100 1.11113 0.0014 8.34465xi0 -7  -16.6

13



where

A 1 = + AAt

(35)

A3 = 
3 + AA 3

Equation (34) is the new regression model for MII self-alignment. (ompar-

Ing Equation (34) to (1) and (2), one notes the following replacements:

AA replaces AI

AA3 replaces A3

V replaces VN

V' replaces VE.

Therefore, using similar replacements, the least-square results obtained in
Section 3 can be modified for the model of Equation (34). From Equation (22),
with proper replacement, one gets

AI[ K 1 -K3  0 -K4 W1

A2  -K3  K2  K 4 0 W2

(36)
AA 3  0 K 1 -1K(3 3

A4  -K4  0 -K 3 K2  W4
k_ k - k

where KI are given by Equations (23) and (24), and W are obtained from
Equation f16) as

W : ftv'dt

14
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w 2  P t2V N t3V )dt

w ftV-dt 1 (37)

4  P E(t2V, + t3V A)dt

Once (.A1) k and (AA 3)k are determined, (AI)k and (A3)k are given by

(Al)k = (Al)k- + (A 1)k

(38)
(A3)k = (A3)k_1 + (AA3 )k I

The algorithm for WI of Equation (37) is more involved than that given
by Equations (27) to (30). First consider the scraping of VN to give V4.

(VN)k = (VN)k - (Al)k-ltk

(VN)k_1 + (AVN)k

[(AI)k_ 2 + (AI)kl] (tk I + At)

- (VN)k-I + (Al)k-2tk-1 + (AVN)k - (Al)k 2 At

- ( Al)kItk

(V 1)k _-

(VE k can be obtained from (VE)k in a similar way. Hence

(VN~k (Vk-I + (AVN)k - (Alk 2 At - (AA)k-ltk

+ (A (A-(39)(VE)k (VE)k_ +I (AVE)k - (A)k2 /t - (AA,)kltk 9

15



Next, consider the effect of AA1, and AA3 on W . From Equation (17), re-

placing A1 and A3 by AA1 and AA3, respectively,

tk tk- k1
3 4 5

wt4 t 5 + ,,2t 7 -v~t 5 A 2
W2  k k k k0

(40)

w3 - it tt k AA

-i-5 3 4

3 5+ kt k  3 A

5 4 t5 +12 t7A
W4 t 0t tk k 4

L k L 4 5 7 k- - k

The part of W i due to AA1 and AA3 alone are, therefore, given by

(AWlOk  k I3 (AIk

3

( 4 (AA) (AA
(AW2)k - k (AA3)k

45
(Wtk3 (A/l . u

(AW3)k t (AI,3)k
3

(A 4 )k 4 (AA)k + it5 (AAk

4 5

(AW)kare the a posteriori correction for (Wi)k after (AAI)k' (AA1)k , and

(AA3)k are estimated. Ideally AA, : AA3 = 0, therefore, the corrected (WI)k

denoted (WC)k are given by

16



(w - (AW ) f = I to 4. (42)iWk )k 1k'

Now one is ready to modify Equations (27) to (30) for the algorithm for WI.

The modifications consist of replacing:

VNf by VN;

VNI by VN'i

VEf by VEy

VEi by V-i

(W) at the riqht-hand side by (Wc)

k-i I k-I

The result is

(W I k (WI)k_- (AWl)k_1

I (V , 2 2
- (Vnf VNi)k (tf + tft + k

2 (VNftf - V tl)k. (43)

(W2)k (W2)k I - (AW2)kl

I Vnf VNI) k (tf + '~, ft2i + f ti )k- 3- 2 + 2

I(Vt 3 - 3
3 Nf f Niti)k

- VEI)k tt + tt t t +27 (tf + 1 2 tf)k

p4 4
- v ,~ ( ftf Viltt (44)

17



(W3)k (Wa)k1 - (AWa)k1

1 (V_ 2 2
S Ef- VEI)k (tf + tft + tf)k

+T (VEftf - VEiti)k" (45)

(W4)k = (W4)k I - (AW4 )k

I 3 2 + 2 +3
12 (VEf VEi)k (tf +tt + tftf f ti)k

+1 ( 3 3
S(vEft - VEit )k

The complete set of least-square regression algorithms with the scrap-
ing feature is given by Equations (36), (38), (39), (41), (43), (44), (45),
and (46).

Testing the Scraping Feature

A least-square reorestion alnorithm with scraoina feature woas imnle-

mented into an IMU self-aliqnment and qyrocomassinq software. The soft-

ware was then tested on a lonq ranne missile IMU. A total of 1,1 sets of

incremental velocities AVN, AVE, and AVA was measured. The algorithm was

recursive which yielded 1.22 sets of aliqnment results beainnina with the

second measurement set. For the sake of comnarison, another test run

usinn a least-square alnorithm without the scraninn feature was also made.

It was predicted that the algorithm with scrapino would result in fast-

er convergence as compared to the algorithm without scraping. This pre-

18



diction was confirmed by the test results, although the improvement is small.

Figure 1 shows the convergence plot of values for a, the heading angle, D,

the north channel drift, and D', the east channel drift.

Algorithms used in the test are listed in the appendices. Appendix A

contains the algorithm with the scraping feature, and Appendix B contains

the one without the feature.

V. CONCLUDING REMARKS

Two software features have been described in this report. The features
are applicable to T' ' self alignment and gyrocompassing. The first feature
is the use of contuous-time arithmetic in a least-square regression algo-
rithm. This featur, vjids the error caused by the discrete-time model.
The second featire., ca. Ied scraping, is intended to enhance the accuracy of
determining the drift parameters by recursively scraping off from measured
velocities those components caused by platform tilt misalignment. The re-
sult of scraping i,. to reduce the effect of computer round-off error. In
the sample test, the improvement of gyrocompassing by scraping is small.
This is due to the small round-off error to begin with. In the case where
round-off error is severe, scraping should provide appreciable improvement
in gyrocompassing.

19
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APPENDIX A. FORTRAN PROGRAM FOR LEAST - SQUARE WITH SCRAPI B
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A2= .25*DICB
AS .*DIU(D*U

VNF=:DVR (i)
VEF =-DVR (2)

(2- VV ,

Wi=VNI'*Ai
W2A-=VNF*A2
W21B-- VEF Vo
WA-=VEF*A i
W4A=VUF*A2
W4B1=VNF *A3
WS=VAI- *A1
K=i

DX3=0.
X1 =0.
xii = 0.0

c
L2 bL(UNI) AND S3UL4UAJULNI IlMLSi IF(NUULH1-, (..UJMfUIL

C WiI (U W j. lII ADX U5

4 ((-(41I
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1. LIJMPUIL Wi M( I.,

VNI -VNF
VWNVJNI DVN ( I) XJ IDLL. f Dx I* II
VE I -V.:F
VEf :VL1I DVR (') X33*)L, .1 I I )X,i* I f
VAlI-VAF
vi VA YI VNC (3)

I FCB iI~ 1 j * I F'

I FCU 1 1 FSU* IF C

I [.L I IJ* I I

I LIND- If St1  4  1 . *1 .1. 1 1 ~U
I 3RD= I-FCH#4 I FS;U* I 1 t F * u** # I U4
1 41 I I V F (11 1 V F(b* Ili (I WA IV U2 I * I LA.4 1 wl

C
A i> 33~~3s.3lf L D *-DX I
A2--,;'5*IFUD*DXI ,*1H*Di

A,1 . I 1 ,I*DX3

A4 .d' *IFCJD*DXA+ , 2*U*1FtJI*DXi
L;

-I W (VII y 'D/ -*I ;I-VE.I*1 IAi~U)

W4=W4B-IJ*((VNF -VNI*4I*.u-VNF*lIL VNL*I.LD)*,")-A4

I I U': 1 *U
TFUSQz~ II-IJ*1FLI
PP=3o. 464. * I F U!;(

j=7, +5,. * If IJSU
k R R 1 I f C,.. 1'
R k' R C Rl Rl R 1 * r F
R R )=kR R C* I F

b3--.2?oo
S4:i6H0 .*I.J/RRRFI
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Xi~ .,i*W i*W;2A-4*W4A

XJ Hi 1 3i,*W2F4 ',*W4b
IDXI -Xl AfXJI i
xil Xi
X1 -XI4D)XI
X2A= -33*Wi. 4-1.2*W'JA+44*W3

X2:-X2A+X2B

XAII= 34*W2i1 -S.S*W4Ft
UX3: X3A-4 X.
X33 ':X3
X3 :X3-+DXi
X4A=--S34*WI--S3*W~i I-S;?)W4A

X411X4AW 4 b

x.- 'S*W'.,

C ILL LLUf LN

EUFI(6) i
VOL t 0 1 .3

bl- i(I+LOA) LID(i)
10 i4UJ (.kL46>) DVR ( f

DU 2,-0 1 ::1 6
20 EIJF i ( 1+9) TU+l-I JA 1)

Dli 310 1 :- 1 I
30~~~ ~~ IiII m jj) ILM( I

jC (KL.NL!AC)f~klIUkN

AF-LA(,=1(ANJ( 1i3,AI LAI,)
F STI.0=0
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APPENDIX B. FORTRAN PROGRAM FOR LEAST-SQUARE WITHOUT SCRAPING
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L I i "AiW NU

L L V 2Th'&A 1.6 1I J i L)

C i4EW MILUM LLASI SutwJfiL f I I fUJI' I I NL
I. iU(;Vd RL V , S 3LI6UO A.

1 fl; ('I;LUI I NL CtJM I'IJIL . I L M I4 1 1 1 IL 1 (111)1D I I, IL
B EY P,,_; UulM [Ni AI LIJ sumu. I IIE V.. ILU1I If i- [~ N

I. LI LLKLNLL LLI(ND LN(-iII

C

c LIJANDARkD LIIMMUN

L >/3 0 /7

C

KL(1L KEl ,KOK K,* .K2 LK I ,KN06,K IX J.AM inLAI iihLNli,

u.N ILGLL KCiTL. ,A/W0' LW LIdD.I!C , i/Ll Lt., 111 ItH LU LLL.LNIl 1, LiIJL

CUMMLI01MLIK LfI~& <9B .) I!(- I (6 ~( ~3)D 1I HLt T *,YI- L
Ll A /6u Y LLW() 6, 111, I MULI, J ilk)I NI(t 16. 1) 1 X01)V'. DE)L C( 3 )
( . NUM ( Io, KOLL ( ,) , Il I G H1. k L G LAII LI, .MW L IK I ., III I LU .NI G(
U NEGCI I-HL A (S) KU('S)3 K I ( 2t3K.'( 3,K 3 3 K'j( 23,) . K1(3
K, K NiJM () ,K I X ( 3DL.L hI 6) ,I)VG~ IOU 6a , i DUM i .J UPI.1,A C.IVDILI

,'CUD , WL (36), ,;zU (3 Vi I_ IT I RDUL I . iN I , 14CM I I ll' ( J _ .,P iMAlX
C, RMAXI,L.iMVALAI (:l )VD ( n) ,Ii1(2.) , DIJ (I) 1)-( 3) .G 1:1 1 A(6) G I
It I MI NR. IlL_ I H1- , lIlVxH( 3 ;. LI(3) [IUM.LiLAG,IIMLI:6- I RC i3'
J IIII)..) (3 1,)V(3...4 ,I:I ijHi;II)I (,KA ,CL(NVi ,iI DMAi 1L4 ,CnC , II
I< YCAl .MIJNI HDHY IllIJURh.; 111:., .3I ,MSLi,'j ,1D 0(1 DCLLD (L,-3)

I LNLW(, ,) , D;NL W (,'_ .u , '. W,', L( I', Ll ) ,.I I . 1- l 0l 1 1U'IJ ITI I' 1 M12
M4 iDi-N' .3,-3) ,MIRXUi(i. 5) t;WLi(S M t(.1,3) , fill),I 111'1CP(3 5)
N IUD ( 3,.) ) ,I DR.K I A , 1 Ni) , II iiJF.,U),I HITA (b)JAX1(3)

2 LLI.. AIffR( s) IHI Il 1.1 1 1( ;2
UlII MI ( L.,l) ) , II'IN)H (L U)I MUW.;() L I VNIICU) ,L10t I VW '',K I ,1;-,2l
It ALI' I P( KA, .0L I X I PG..U .X..(29lfl) X3P(2bU) .X 4p 2.,) XIU2,I)

F IL._ it) , U YNIl , NWAIJE I iI'N 41( I'WALL , tICF i (-SO ) i .111 (3,1 ER RON
C

DIIILNLIiN G.L')C

A (IIl- IM(4) X4) I. I',, X',) C (41 11.3 ItiLb; t') K)
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vDI)IA e1./,b,

I, OL I LNRMI N L LI1 At 1.3 1' III KI. LX...LIT D I

Ii (NI .1 NL U) Lii it'
F 110u>-11

L
c I)LiLIiNL. 11 I lkbI ON !A[LLJOND I Mi.I 1IF'UUW:, t iNI.1 I JML.
c 1:114W1,11i W111,1 NI ClOi 0Fi E IL L SF

) 1 LIU1),,

L t I W,1 1 I IML I iN UUW I811 NUMB I. R 01 111 IIAl I ION,.
c AN EIiNI IJIi CONDI IJIiWV

C

I Si I 1 0-/6

C S L -:NE. I I *DEM 17AR i AJS

D FRUD-:t T<0/1360*11(i b

A ~i - " 1, 3FSR 1. MAY 6t zLUL W II WOu8

U(1-ZI TSW*)I5

VNF UIVR ( i)
VEF= LIVR(2)
VAV lAIN(S)

Wi-:VNi *A),
W2'A=VNF *A".'

W kIt- VLF *A,,
W3 ;VEF *A1I
W4A VII *A?
W4b=VNi- *A3
Wt.)=VAI, *Ai

6U 101

L. !JICONU) AND' LiWBLEUUCNi . IM I F1NUUL-i , UMPlIL
L;W ii I s L) WSi ';1 11 AND) XtIU1 XS

1 K Ki i

C, CUMF'L Wi 10 W.,
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I- I &D1 L I I
iF 1.' D)L.L I I

VNI'-VNJ 0DV,? i)

Yin. YVL i 1)Ykt(2)

YAI -VA] VYR (A)

I I- , ,, I * II

I [3(.Jt I! A* I F

I D I! k8(4* I I

FND 1a 1 1L4 !, F 3 I 1 +1 .1 )4 1 . LB ,

14111- I (4 IF LI:*I I 1841 F: II 4 IF 1 lt' 1

W it- WAi (Y~ I VIII ) I*UD6 '. 1;U UVI *I 1. 14)*.

W4A-:W4A FYF I I )* D 12. +u, (VI * IF I YL.1 V I 1(21)/3

W'- *W41-' : I J(VL tVL )* 14111* (1 -,(VI*TIl 141, YNl*fI JUV)*.'
W3- W 5- V..I VI f I 12ND/t . W. Vf * I U V AL I JU) *W

WL4o. LI F 1 A V ( I $8 .I)*1 )1L. VLf IFL 1VI.I IlC1
W . 1 ,. ) VNI TIIJ1

I~ Vsb' II IJ:II30
RWUSb' I(iltl'

RRRIRRW* TIFW

S4=i680. *U/,-RRI4

I (UMF'UJI L X i I X',

X ifAI*WI ic*2 f4*414A
Xib I'l ,3*W2F' >,4*W41'
Xi Xl A4 Xij:
X2A-' -S.1S*W) *52**W 4

(.;'o4*143

X2'-X.!A4 x;'-l
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X3A= A*W2A4-Si4W3 .. 'W4Ai

X3-: X3 A o-X3 f
X4A-'- 1 4*Wi b3*-'*W4A

X4=X4A.#X4k

C i iLL il fi R&

BUFl(6) = 13
DU 10 1 1 3

I)U 2 0 1 -- 1 6
211 [4UFI(.E+9) l HLIA(1)

DU .30 1 1.!.
SO hBUFt(1+15) =T14;LTM(l)

IF (K .LL. NLU )kLIfUkN

Ai LA6=1ANiLN113,AF LAG)
F ST idl0
LNI)
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